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INTRODUCTION 

I n  t h e  p a s t  two r e p o r t s  we have  d e s c r i b e d  p r o g r e s s  i n  t h e  

development  o f  a two-step s o l u t i o n  a l g o r i t h m  f o r  t h e  

c o m p r e s s i b l e  E u l e r  and Navicr-Stokes e q u a t i o n s  on a r b i t r a r y  

u n s t r u c t u r e d  meshes.  I n  a d d i t i o n ,  we r e p o r t e d  on i n i t i a l  

expe r imen t s  w i t h  a d a p t i v e  mesh p r o c e d u r e s  , i n c l u d i n g  mesh 

en r i chmen t  and mesh movement. 

Over t h e  p a s t  twe lve  months we have  expe r imen ted  w i t h  h i g h  

r e s o l u t i o n  schemes on u n s t r u c t u r c d  g r i d s  and have implemented 

an approach  based  upon f l u x  c o r r e c t e d  t r a n s p o r t ( F C T 1 .  The 

r e s u l t  was a scheme which gave much improved r e s o l u t i o n  o f  f low 

d i s c o n t i n u i t i e s  b u t  t h e  convergence b e h a v i o u r  was n o t  good f o r  

t h e  s o l u t i o n  o f  s t e a d y  s t a t e  p rob lems .  I n  a d d i t i o n  we have 

w r i t t e n  a t r i a n g u l a t o r  f o r  r e g i o n s  of  a r b i t r a r y  shape  i n  2 D .  

T h i s  mesh g e n e r a t o r  h a s  s e v e r a l  n o v e l  f e a t u r e s  and h a s  t h e  

a b i l i t y  t o  g e n e r a t e  e l emen t s  vh ich  a r e  s t r e t c h e d  i n  p r e s c r i b e d  

d i r e c t i o n s .  Using t h i s  g e n e r a t o r ,  we havc p roposed  a new 

approach  t o  mesh a d a p t a t i o n  i n  which t h e  mesh i s  r e g e n e r a t e d  a t  

p r e s c i b e d  s t a g e s  i n  t h e  computa t ion  a c c o r d i n g  t o  i n f o r m a t i o n  

which i s  p r o v i d e d  by t h e  s o l u t i o n  on t h e  c u r r e n t  g r i d .  T h i s  

approach  e n a b l e s  t h e  u s e r  t o  have b e t t e r  c o n t r o l  on t h e  number 

o f  e l emen t s  i n t r o d u c e d  a t  each s t a g e  and o f f e r s  t h e  b c s t  hope 

f o r  mesh a d a p t a t i o n  i n  3 D .  

FLUX COPZZCTED TPJIJSPORT 

The b a s i c  i d e a s  o f  t h e  FCT approach  a r c  w e l l  documented and 

o u r  c o n t r i b u t i o n  has  been t o  ex tend  t h e s e  i d e a s  t o  t h e  s o l u t i o n  

o f  e q u a t i o n  sys t ems  on u n s t r u c t u r e d  g r i d s .  The a l g o r i t h m  

c o n s i s t s  o f  t h e  f o l l o w i n g  s t e p s :  

( a )  compute LEC, t h e  low o r d e r  e lement  c o n t r i b u t i o n s  from a 

low o r d e r  scheme d e s i g n e d  t o  g i v e  monotonic  r e s u l t s  f o r  t h e  

p rob lem b e i n g  solved. . .we proposed t h e  u s e  o f  t h e  b a s i c  

two-step a l g o r i t h m  w i t h  a h e f t y  amount o f  d i f f u s i o n .  



(b) compute IIEC, t h e  h i g h  o r d e r  e lement  c o n t i b u t  i o n s . .  . . he re  

we u s e d  t h e  b a s i c  two-step a l g o r i t h m  w i t h  no a r t i f i c i a l  

v i s c o s  i t y  . 
( c )  d e f i n e  A E C ,  t h e  a n t i - d i f f u s i v e  e lement  c o n t r i b u t i o n s ,  a s  

AEC=JEC-LEC . 
( d )  compute t h e  upda ted  low o r d e r  s o l u t i o n  f o r  each  g r i d  

p o i n t  . 
( e )  l i m i t  t h e  a n t i - d i f f u s i v e  e lement  c o n t r i b u t i o n s  i n  such  a 

way t h a t  when t h a y  a r e  added t o  t h e  upda ted  low o r d e r  s o l u t i o n  

t h e  r e s u l t i n g  s o l u t i o n  e x h i b i t s  no  new e x t r e n a .  

The r e s u l t s  a r e  e x t r e m e l y  impress ive  f o r  a s i n g l e  e q u a t i o n ,  

b u t  t h e r e  a r e  ma jo r  problems i n  t h e  l i m i t i n g  p r o c e s s  when t h e  

approach  i s  a p p l i e d  t o  sys tems a s  i t  i s  no l o n g e r  c l e a r  e x a c t l y  

how t h e  l i m i t i n g  p r o c e s s  should b e  pe r fo rmed .  be have  shown 

t h a t  t h e  b e s t  r e s u l t s  come from a p p l y i n g  t h e  same l i m i t e r  t o  

each  e q u a t i o n  and t o  u s e  an e lement  l i m i t e r  which i s  t h e  

minimum o f  t h o s e  computed on the b a s i s  o f  d e n s i t y  and p r e s s u r e .  

TRIANGULAR hlESII GENERATION 

l e  expe r imen ted  w i t h  t r i a n g u l a r  mesh g e n e r a t  i o n  f o r  

a r b i t r a r y  2D r e g i o n s  and produced an approach  which was 

w e l l - s u i t e d  t o  o u r  n e e d s .  T h i s  was a n e c e s s a r y  e x p e r i e n c e  

b u i l d i n g  s t e p  b e f o r e  we began t o  t h i n k  o f  t h e  problem o f  

g e n e r a t i n g  meshes o f  t e t r a h e d r a  i n  3 D .  The t r i a n g u l a t i o n  

r e q u i r e s  i n f o r m a t i o n  on t h e  d i s t r i b u t i o n  o f  c e r t a i n  p a r a m e t e r s  

which w i l l  d e f i n e  t h e  l o c a l  g r i d  s t r u c t u r e  d u r i n g  t h e  

g e n e r a t i o n  p r o c e s s .  T h i s  i s  p rov ided  by  i n t e r p o l a t i o n  o f  t h e  

p a r a m c t c r s  from u s e r  s p e c i f i e d  v a l u c s  g i v e n  a t  t h e  nodcs o f  a 

c o a r s e  background g r i d  which  cove r s  t h e  r e g i o n  o f  i n t e r e s t .  

The g e n e r a t o r  u s e s  t h e  advancing f r o n t  concep t  and p l a c e s  nodes  

and g e n e r a t e s  e l emen t s  a t  t h e  same t i m e . . . . t h e  p r o c e s s  ends  

when t h e  f r o n t  i s  empty. The f i n a l  s t e p  i s  t o  pe r fo rm c e r t a i n  

c o s m e t i c s  on t h e  g e n e r a t e d  mesh e .g .  smooth ing ,  d i a g o n a l  

swaopping e t c .  The r e s u l t i n g  meshes a r e  g e n e r a l l y  o f  good 

q u a l i t y  and e n a b l e  i n i t i a l  flow s o l u t i o n s  t o  be o b t a i n e d  f o r  



. 
any 2D problem. 

ADAPTIVE EfESII PJGEPERATION 

Adapt ive  r e f inemen t  t e c h n i q u e s  b a s e d  upon a - p o s t e r i o r i  e r r o r  

e s t i m a t o r s  have been  w i d e l y  used t o  p r o v i d e  improved r e s o l u t i o n  

o f  f low d i s c o n t i n u i t i e s .  The common f e a t u r e  o f  t h e s e  methods i s  

t h a t  t h e  r e f i n e m e n t  i s  accompl ished  by  a u t o m a t i c  s u b d i v i s i o n  o f  

t h e  c e l l s  o r  e l emen t s  where the  e r r o r  e s t i m a t e  f o r  t h e  computed 

s o l u t i o n  i s  above a c e r t a i n  t h r e s h o l d  v a l u e .  D e s p i t e  t h e  good 

numer i ca l  per formance  o f  t h e s e  methods t h e y  do p o s s e s s  c e r t a i n  

f l a w s  ... e .g .  a s  t h e  d i v i s i o n  o f  a c e l l  p r o d u c e s  c e l l s  o f  t h e  

same shape ,  t h e  a r e a s  i n  t h e  v i c i n i t y  o f  I D  f l o w  f e a t u r e s  a r e  

n o t  r e f i n e d  i n  an e f f i c i e n t  manner w i t h  t h e  r e s u l t  t h a t  t h e  

number o f  c e l l s  employed i n c r e a s e s  r a p i d l y  a s  t h e  computa t ion  

advances .  F o r  t h i s  r e a s o n ,  such  methods a r e  l i k e l y  t o  p rove  

i m p r a c t i c a l  i n  3D. We a r e  t h e r e f o r e  p r o p o s i n g  t h e  u s e  o f  an 

a d a p t i v e  remeshing p rocedure  i n  an a t t e m p t  t o  r educe  t h e s e  

d i f f i c u l t i e s .  A t  e ach  s t a g e  of t h e  c o n p u t a t i o n  a c o m p l e t e l y  new 

mesh i s  g e n e r a t e d .  The computed s o l u t i o n  on t h e  c u r r e n t  mesh i s  

used  t o  d e t e r m i n e ,  by  means o f  an e r r o r  a n a l y s i s ,  t h e  

d i s t r i b u t i o n  o f  t h e  optimum l o c a l .  g r i d  p a r a m e t e r s  r e q u i r e d  by 

t h e  t r i a n g u l a t o r  d e s c r i b e d  above. The c u r r e n t  mesh t h e n  a c t s  a s  

a background g r i d  and a new mesh i s  p roduced .  The approach  h a s  

been  s u c c e s s f u l l y  used  i n  t h e  a n a l y s i s  of  s e v e r a l  d i f f e r e n t  

p rob lems .  The k e y  t o  t o  t h e  q u a l i t y  o f  t h e  new g r i d  i s  t h e  

e r r o r  i n d i c a t i o n  which i s  employed and t h i s  i s  an a r e a  which 

would b e n e f i t  from f u r t h e r  s tudy  .. .p a r t i c u l a r y  f o r  c o n t r o l l i n g  

t h e  amount o f  d e r e f i n i n g  which i s  a l lowed  and f o r  h a n d l i n g  

problems i n v o l v i n g  t h i n  boundary l a y e r s ,  
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